In order to develop a sensitive bio-monitor and a quick method for detecting water pollution, this research used a specific Daphnia Carinata clone (Dc42) to study its reaction or behavior to water pollutant, such as the ability of vertical movement, EC 50 and LC 50 in chromium solution. The results showed that the numbers of Daphnia Carinata population decreases with the rise of Cr 6+ concentration in the upper of the tuber. Compared to the standard EC 50 and LC 50 bioassay, the detection limit of 8h-Ri (inhibition rate of vertical movement ability) was 76.40%, 61.00%, 68.20% and 53.87% lower than that of 24h-LC 50 , 48h-LC 50 , 24h-EC 50 and 48h-EC 50 , respectively; similar to 96h-LC 50 and 96h-LC 50 . The sensitivity of Daphnia Carinata clone (Dc42) in response to pollutants showed a good and attractive prospect to use its population behavior as a biomonitoring approach for water quality. It has the potential to be a sensitive, quick and efficient method for detecting pollutants in water.
Introuduction
Chromium was widely used in electroplating, leather, chemical products, metallurgy industry, etc. Many cases of chromium pollution of the water and the crops were reported [1, 2] , hence the freshwater aquatic ecosystems research caused by emissions of pollutants has drawn close attentions [3, 4] . Daphnia occupies a very important position in aquatic food chain, and is characterized by highly sensitive to toxic substances in water, which makes the cladoceras aquatic zooplankton to be the ideal material for toxicological experiment [5, 6] . Since the 1960', many studies have suggested that even low concentration of heavy metals, pesticide and some toxic substances can significantly affect on their growth, reproduction, behavioral responses, morphological and physiological procedure [5, 6] . To our knowledge, the study of the acute biological toxicity behavior of Chromium to Daphnia Carinata has not been reported. This paper chose common cladoceras-Daphnia Carinata (D. carinata) from three gorges reservoir area, for the biological test, and studied the ISO standard toxicant acute toxicological reaction of the acute toxicity behavior, vertical migration ability, half effective inhibition concentration and half to death concentration. The results of this study may provide quick and accurate data using D. carinata to monitor the chemical impact for ecological environmental evaluation.
Materials and Methods

Test organisms
Daphnia Carinata in the test was collected from the water of Beibei district in Chongqing Municipality, which was a purified Daphnia Carinata clone (Dc42) and identified, isolated and cultured by many generations. The study used 48-hour-old daphnia as the test organisms.
Test water
Fully aerated (DO>8 mg·L -1 ) and de-chlorinated tap water used as test culturing water (pH,7.8; EC,130μs·cm -1 ). The dilution water of test toxicant was ISO standard water [7] , containing 0.294 g·L 
Culture conditions
The test was conducted in toxicology lab installed with air conditioning and a 40W daylight lamp, at a room temperature of 20 ± 0.5 with 14h·d ℃ -1 light and a light intensity of 1200 lx. The test water was renewed three times a week , at each time half of the water in the container was replaced. Fresh Scenedesmus Obliqnus stock solution was added to each culturing container at regular time every day with the density of the green algae in each container reaching approximately 2.0×10 5 cells ml -1 .
Test Designs
All the tests were conducted at a temperature of 20 ± 0.5℃. 
Behavioral Reaction Test
The behavioral reaction test was conducted in a 40 mm × 40 mm × 120 mm hard glass vessel with a available depth of 100 mm. The test vessel was divided equally into four zones according to the height, labeled from top to bottom as U, M 1 , M 2 and L (Fig1). Prior to tests, neonates were cleaned up with ISO standard water three times, each for 5 minutes. Ten cleaned neonates were transferred randomly into the test vessel containing chromium solution. The culturing conditions of neonates were the same as routine culture without feeding during the test. Starting from the 8th hour, distributions of neonates in each zone were recorded every 30 minutes for three times in total after neonates were exposure to K 2 Cr 2 O 7 solution for 8 hours under normal illumination conditions (1200 lx). The observed data was used to calculate inhibition rate of vertical movement ability (Ri) as shown below:
In the above formula, Δu m denotes the numbers of neonates at the top of certain solution, Δu Ck and Δu Cr represent the numbers of neonates which can swim to the top of comparison solution and chroumium solution, respectively. U, M 1 , M 2 , and L denote the numbers of neonates appearing in Zone U, Zone M 1 , Zone M 2 and Zone L of the test vessel, respectively.
LC 50 and EC 50 determinations
According to the literatures [7, 9, 10] , neonates were cleaned up with ISO standard water three times, each for 5 minutes. Ten cleaned neonates were transferred randomly into the test vessels, which are 100 ml glass breakers, each containing 100 mL volume of chromium solution. The culturing conditions of neonates were the same as routine culture without feeding during the test. Daphnids sinking to the bottom and exhibiting no response after gently turning the vessel were considered death. Daphnids exhibiting no movement within 15s after gentle stirring were considered inhibited. Continuous observation was made during the rst 12 h. The survival and inhibition of movement situations of daphnids were recorded at 24h, 48h and 96h, dead individuals were removed timely.
Safe Concentration
Heavy metal ions in the water were not easy to be removed and produced toxic effects on aquatic organisms for a prolonged period, so an application factor of 0.01 was adopted to calculate the safe concentration (SC) as shown below.
Data Statistics and Analysis
The minimum concentration of toxicant changed Ri significantly were obtained from ANOVA and Duncan's multiple comparing of Ri datas. LC 50 and EC 50 values at 24h, 48h, 96h were evaluated by probit method according to the death numbers and time of D. carinata. The empirical models of the proportion relation between tested factor (toxicant concentration) and tested organism groups were established and fitted by maximum likelihood method. The toxicity regression equations obtained in each period were examined with chi-square.
Result and Analysis
The Acute Toxicity Reaction of D. carinata at Different Cr 6+ 's Concentrations
The movement ability of D.carinata was affected in various degrees at different Cr 6+ 's Concentrations. The visualizing results were as follows (Table 1) : 
Number of D.carinata Inhibition ratio
The observation suggested that at the same time the higher the concentration was, the more significantly the activity of the D. carinata were influenced. At the same concentration, the longer D. carinata were exposed to the solution, the weaker the activity was. The total trend was that activity of D. carinata changed from strong to weak gradually, until death, with the rise of Cr 6+ concentration and the prolongation of exposure time..
The Influence on the Vertical Mmovement Ability of D.carinata in the Chromate Solution
The vertical movement ability was affected significantly after D. carinata were exposure to K 2 Cr 2 O 7 solution for 8 hours with a light intensity of 1200 lx, showing that the distribution of D. carinata had significant difference at different heights of the vessel along vertical direction. When Cr 6+ concentration was higher than 0.056 mg·L -1 , the individuals in upper solution began decrease (Fig.2a) . The proportion of daphnids detained in the bottom increased gradually with the rise of heavy metal concentration, suggesting that D. carinata started to be affected by the poison in the sub-lethal levels.
Ri of D. carinata in toxicant solution was positively correlated with Cr 6+ concentration (R 2 =0.9583) (Fig.2b) . Ri can be used to reflect biological toxicity. From the analysis of test data, the numbers of Daphnia Carinata distributed in the bottom (L) or lower layer (Lm) of test vessel were positively correlated with toxicant concentration (R 2 >0.93) under the constant environmental conditions. So in practice, the relative numbers of Daphnia Carinata distributed in the bottom (L) or lower layer (Lm) of test vessel can be used to denote biological toxicity:
L=1.50+7.63 (1-exp(-3.29x)) (R
2 = 0.9397)(4)
2 = 0.9397)(5)
Ri=-4.08+95.40(1-exp(-7.64x))(R 2 = 0.9538) (6)
In the above formula, L and Lm (=M 2 +L) represented the numbers of daphnids in the bottom and lower layer, respectively. Ri represented inhibition rate of vertical movement ability, x represented concentration of pollutant in the solution. 
The inhibition of the mobility of D.carinata in the chromate solution
According to the standard of ISO6341, the acute biological toxicity of D. carinata in the chromate solution was measured by the inhibition degree of the mobility of D. carinata exposed to the toxicant for a period of time. The results were shown in Table 2 : The empirical models of the proportion relation between tested factor (toxicant concentration) and tested organism groups were established and fitted by maximum likelihood method. Then toxicity regression equations obtained in each period were examined with chi-square (X 2 <X 2 0.05 =12.5916), indicating toxicity regression curve was suitable to describe the toxicity of chromate for D. carinata, correlation coefficients at different time (24h, 48h, 96h) were all above 0.95.
LC 50 and Safe Concentration of D.carinata in the chromate solution
LC 50 values at 24h, 48h, 96h were evaluated by probit method according to the Cr 6+ lethal effect on daphnia carinata. The corresponding toxicity regression equations were obtained from these data. The results were listed in table 3. Chi-square values (X 2 ) of toxicity regression equations in each period were all less than the critical value (X 2 0.05 =12.5916). The analysis indicated that the toxicity regression curve was suitable to describe the biological toxicity of chromate for D. carinata.
Heavy metal ions in the water aren't easy to be removed and produce toxic effects on aquatic organisms for a prolonged period. So even when fresh water Cladocera was exposed to Cr 6+ , and the concentration of is below 96h-LC 50 , it still caused death or nonlethal hurt on the capacity. It can also break aquatic biological chain and affect quality of alga and bacteria's biological populations, then finally affect the balance of aquatic ecological system. In our study, we calculated the safe concentration D. carinata exposed to Cr 6+ to be 0.0007 mg·L -1 . It can be used as a reference to study the risk assessment of aquatic ecological system affected by heavy mental and the water quality index of fishery. 
Discussion
Because of the boundness of the deviation in measured results, coming from physicochemical methods and bioassays, previous researchers paid more attention to apply comprehensive methods, especially reflecting the health of aquatic ecosystem by using bioassay, to have a prediction and evaluate the toxicity of the pollutants. As a result, to show the presence of contaminants in aquatic environment, depending on the change of biomonitor, it is necessary to choose hydrobios to monitor their changes (e. g. growth, development, reproduction, and behavior) [12] . When D. carinata metabolize normally, its vertical migration is active; however, when exposed to toxicant, its migration is restrained. Vertical migration of D. carinata is a initiative energy-intensive process and its biological energy metabolism and every organs' slight damage by toxicant can be reflected by strength of energy-intensive process rapidly and adequately, which is obviously associated with the toxicity of contaminants. Therefore we can use the effect that the toxicant impacts D. carinata ertical migration, to assess not only the biological toxicity of chemicals, but also the initial ecological hazard rapidly, sensitively and reliably.
In our research, all larvas are alive and don't lose the ability of swimming due to the low concentration of contamination. If we analyze the toxicity of the aquatic system depending on the traditional standard which comes from experience of sub-efficient inhibition concentration and sub-lethal concentration, we can not conclude whether living beings experience toxic effect. The result shows that when we take inhibition ratio of vertical migration to indicate the degree of contamination, the concentration of pollutant is greatly lower than LC 50 and EC 50 . It shows that it can be used as timely, sensitive and predictable biological index of pollution. Furthermore, inhibition experience of vertical migration is widely used due to its easy operation, time-efficient, visualized data being managed and convenient to compare and use. The result of experiment can used as a rapid and accurate method for water monitoring and formulating the water standard.
Conclusions
With reference to the ISO6341 and ISO6241 biological test method, this paper used purifed Daphnia Carinata clone (Dc42) as the test biont, established test method of biological toxicity of heavy metal, through testing the standard poison samples (dichromate), confirmed that the selected test Daphnia Carinata can be used to monitor Cr pollution in the environment. The results as follows:
(1). When D. carinata is in normal water, its vertical movement is very active. When the solution exists toxic substances, its vertical swimming ability is inhibited significantly, With the increasing concentration of pollutant, the toxic effect on D. carinata increases gradually and the swimming ability is weakened, as the result, the distribution of D. carinata gradually changed from the surface to lower level, until it sinks and finally dies.
(2). D. carinata vertical swimming inhibition rate (Ri) and the biological toxicity of pollutant shows strong correlation. When using the vertical swimming inhibition rate (Ri) to describe the pollution levels, compared to the standard EC 50 and LC 50 bioassay, 8h-Ri has lower detection limit, 76.40%, 61.00% 68.20% and 53.87% lower than 24h-LC 50 , 48h-LC 50 , 24h-EC 50 and 48h-EC 50 , respectively, similar as 96h-LC 50 and 96h-LC 50 . The sensitivity of D. carinata clone (Dc 42) in response to pollutants shows a good and attractive prospect using daphnia population behavior as a bio-indicator to monitor water quality. The new method for detecting pollutants in water are sensitive, quick and efficient.
(3). In constant external conditions, the distribution of D. carinata quantity on the bottom or surface of behavior test containers and solution concentration of toxicants are positively correlated (R 2 >0.93). Practically, we can use the D. carinata relative quantity on the bottom of the container to monitor the polluted water.
